Automated external defibrillators (AEDs) are portable devices about the size of a laptop computer, that deliver an electrical shock to restore a cardiac arrest victim's heartbeat back to normal. The use of publicly accessible AEDs could potentially prevent 100,000 deaths per year. Many sport, recreation, and fitness programs have installed AEDs while several others are considering them. The purpose of this article is to: (1) describe the purpose and function of AEDs; (2) provide recommendations regarding AEDs from leading sport, recreation, and fitness practitioners; (3) provide information on AED trends, training, and certification; (4) identify related legal issues and concerns; (5) provide references regarding AED training and legislation; and (6) provide recommendations for those considering and/or implementing AEDs. With the recent emphasis on publicly accessible AEDs, it appears that sport, recreation, and fitness programs will begin to see more of them. Prudent professionals should stay abreast of the developments, research, and legislation regarding AEDs.
automated external defibrillators (AEDs) are being used as another firstresponder link that could potentially prevent 100,000 deaths each year (AHA, 1998b) . AEDs, portable devices about the size of a laptop computer, deliver an electrical shock to restore a cardiac arrest victim's heartbeat back to normal. With EMS units often more than five minutes away, and the odds of a victim's survival decreasing by seven percent to ten percent with each passing minute, Publicly Accessible AEDs (PAD) have been advocated by the AHA in the prevention of death by sudden cardiac arrest (AHA, 1999a) .
Sport, recreation, and exercise participants, as well as highly trained athletes, are also at a small, but appreciable, risk of sudden cardiac arrest (Franklin, Bryant, & Peterson, 1997) . Studies show that apparently healthy exercise participants have a life-threatening cardiovascular event rate of one per 187,500 person-hours of exercise, and the majority of individuals who die during exercise have one or more risk factors for coronary artery disease (Gibbonsm, Blair, Kohl & Cooper, 1989; Thompson, Funk, Carleton & Sturner, 1982) .
The AHA and the American College of Sports Medicine (ACSM) recommendations include AED placement at fitness facilities that recruit members with known cardiovascular disease (AHA/ACSM, 1998). While the AHA/ ACSM does not encourage all fitness clubs to install AEDs, the AHA's position statement supports the placement of AEDs wherever the public gathers: sports arenas, gated communities, office complexes, malls, etc. (AHA, 1999a) . However, as the International Health, Racquet, and Sportsclub Association's (IHRSA) position statement points out, the AED has not yet been established as a Standard of Care at any site; and, therefore, that association neither encourages -nor discourages -health club operators from installing AEDs (IHRSA, 1999) .
AED Purpose and Function
A heartbeat, or contraction of the heart muscle, is initiated by an electrical signal. This electrical signal begins in one tiny area of the heart and spreads in an orderly fashion throughout the entire heart muscle. A normal and orderly propagation of this electricity forms the normal heart rhythm. When abnormalities occur in the electrical conduction pathways or in the ability of the heart muscle to contract, the heart's rhythm is altered and is then termed an "arrhythmia." Different forms of arrhythmias can occur for a variety of reasons, but the most dangerous arrhythmia is ventricular fibrillation (VF). VF is a rapid and chaotic rhythm that is often caused by inad-equate blood flow to the heart muscle, and is the most common arrhythmia that causes cardiac arrest. While drug therapies for the reversal of VF exist, the quickest and most reliable method of terminating VF is to deliver an electrical shock to the heart (Josephson, Zimetbaum, Buxton & Marchlinski, 1998) . Death usually follows within five to seven minutes unless responders restore a normal heart rhythm.
Defibrillation is the process of shocking the heart with the intent of reversing VF and restoring a normal heart rhythm. It is performed by placing two electrodes (adhesive pads) on the victim's chest wall, then delivering an electrical shock. Defibrillation rarely causes serious adverse effects, and the most common side effects are muscle pain, elevations of certain enzymes in the blood, and irritation of the skin at the electrode site (Botteron & Smith, 1998) . If defibrillation is provided within the first five minutes of a cardiac arrest, there is about a 50 percent chance that the victim's life will be saved. However, the chance of successful resuscitation decreases by seven percent to ten percent with each passing minute (AHA, 1998b) .
Before the development of AEDs, defibrillators were bulky pieces of equipment that could only be used by trained medical professionals. However, in 1990 the AHA issued a challenge to the manufacturers to design small, simplified versions of their defibrillators. The resulting 4 to 7-pound batteryoperated device assists first-responders such as police, firefighters, security guards, flight attendants, and other designated lay responders at the scene of a cardiac emergency. With both audio and visual prompts, an AED "walks" the responder through the treatment process from diagnosis to delivery of a shock, and then prompts the responder to begin CPR if necessary (AHA, 1999b) .
The AED In Use
The Food and Drug Administration (FDA) regulates AEDs by requiring premarket clearance to ensure that the device does what the manufacturer says it will do. However, the FDA does not approve -or disapprove -of the placement of AEDs in certain locations. Studies conducted on AEDs show a 90 percent sensitivity, meaning that 90 percent of the time, they are able to detect a rhythm that should be defibrillated. AEDs also show a specificity of 99 percent, which means that 99 percent of the time they recommend not shocking when defibrillation is not indicated. The net result of these numbers is that the AED will make the correct "shock" decision with greater accuracy than emergency medical professionals (AHA, 1999a).
Australia's Qantas Airways conducted one of the first studies to assess the efficacy of this new device. During the first 65 months of the study, there were 27 episodes of cardiac arrest in the air and another 19 in the air terminals. Of the 27 in-air cardiac arrests, six involved a victim with a potentially treatable arrhythmia, and five of those six people were stabilized by an AED. Of the 19 cardiac arrests that occurred in terminals, 17 had a treatable arrhythmia and 16 of those were successfully stabilized (O'Rourke, Donaldson, & Geddes, 1997) .
Additional studies have determined the locations of highest potential AED use and their effectiveness. A Seattle, Washington study found that the public places with the highest incidence of cardiac arrests include: airports, county jails, sports stadiums, shopping malls, and golf courses. According to the researchers who conducted the study, placing 276 AEDs in these sites would have provided treatment for 134 cardiac arrest patients over a five-year period (Becker et al., 1998) .
Another setting where defibrillators have been studied is in police squad cars. Researchers collected data from seven suburban communities where police usually arrived at the scene of medical emergencies before EMS personnel. After police officers were trained to use AEDs, they were dispatched simultaneously with EMS to medical emergencies. When police arrived before EMS personnel, the police use of the AED improved cardiac arrest survival from three percent (shock delivered upon EMS arrival), to 26 percent (shock delivered by first-responder police). The study concluded that providing police officers with AEDs was an effective strategy to reduce the time to defibrillate cardiac arrest victims (Mosesso, Davis, Auble, Paris & Yealy, 1998) .
AEDs in Sports, Recreation, and Fitness Programs
While no efficacy studies have addressed sports or exercise-related AED use, AEDs are being placed in a variety of sports, recreation, and fitness settings for both the spectators and the participants, whether novice or professional. A successful example is football referee Jim Knight. He suffered a cardiac arrest while he was officiating a collegiate game, but survived because an AED was available to restore his heart's normal rhythm.
As Ron Courson, director of sports medicine at the University of Georgia, pointed out, AEDs may be even more important beyond game days. During games, emergency medical technicians and ambulances are on standby for emergency medical assistance. However, it is during daily practice when EMS is not at the field that an injury is most likely to happen (Mitchell, 1999) . Others have suggested that Publicly Accessible AEDs (PAD) would assist physicians who provide mass-participation medical coverage for athletic events. If multiple emergencies were to occur at once, a physician could be assisted by coaches or volunteers who were trained in the use of AEDs (Schwenk, 1998) .
Although cardiac arrest is most frequently associated with cardiovascular disease, it can also occur due to trauma or drowning. Since aquatic professionals often reach the scene of an emergency before EMS, supervisors of aquatic facilities are being encouraged to include AEDs in their training and emergency action plans.
Jeff Ellis & Associates Inc., the international aquatic safety consultants whose clients include 95 percent of U.S. water theme parks and many municipal aquatic parks, requires those facilities to equip and train personnel in the use of AEDs (Cohen, 1998) . While Ellis & Associates, Inc. has developed a mandatory AED implementation schedule (based upon their clients' classification), they strongly encourage all of their clients to voluntarily achieve AED implementation at the earliest opportunity (Ellis, 2000) . With the addition of early defibrillation and early advanced cardiac life support (ACLS) to the existing "chain of survival," it is speculated that AEDs may someday become as common as fire extinguishers -or shepherds' crooks (Law-Heitzman, 1998) .
Knowing that the fastest-growing segment of health club members is people over age 34, an age when the risk of heart disease begins to rise (AHA/ ACSM, 1998), exercise/fitness centers have also started to install AEDs (Medtronic Physio-Control, 1999) . In 1999, the International Health and Racquetball & Sports Club Association (IHRSA) conducted a survey of its members regarding AED installation. Of the 273 clubs that responded: 16 percent already had at least one AED installed; 26 percent were planning to purchase one; and 58 percent had no plans to obtain an AED (IHRSA, 1999) . Some of the reasons for having AEDs in these IHRSA clubs were:
1. High number of older and/or deconditioned members 2. Local EMS response time too long 3. Response to previous medical emergency at club 4. State's "Good Samaritan" law covers AED use 5. Concern that AEDs are becoming an industry standard Reasons for not having AEDs in IRHSA clubs:
1. Concerns about liability in the event of improper use or not used at all 2. Close proximity of emergency medical services 3. Difficulty training all staff and ensuring that trained personnel are on duty at all times 4. High cost 5. Certification is too involved and time-consuming (IHRSA, 1999) An additional study conducted by Connaughton et. al (2002) indicates that 5.7 percent of the NIRSA fitness directors who responded to a survey had AEDs available, while an additional 30.2 percent were considering purchasing one.
Purchasing an AED
On average, AEDs cost approximately $3,000 and the FDA requires a physician's prescription before purchasing one. A physician or medical authority should provide oversight in the installation of AEDs and ensure quality control of its maintenance and use. When AEDs are purchased with the intent of PAD, the AHA recommends that the persons responsible for AED use be trained in CPR and AED use, and that these people be present at all times during facility or organizational operations. While the AHA does not recommend any specific model of AED, it does encourage AED use and maintenance in accordance with the manufacturer's instructions (AHA, 1999b) .
AED Training
AED training requirements vary from state to state. Many states' name both the AHA and the American Red Cross (ARC) as course providers that will satisfy their state's requirements. Both organizations have developed several AED training courses for the nonmedical responder. A basic 3.5-4 hour course also incorporates adult-CPR training. For information regarding AED training and certification contact:
• American Heart Association (800) AHA-USA1 www.americanheart.org
• American Red Cross (703) 248-4222 www.redcross.org
Liability Issues
In today's litigious society, it is incumbent upon supervisors of sport, recreation and fitness programs to establish appropriate Emergency Action Plans (EAPs) for life-threatening events. While some facilities have already included AEDs in their emergency action plans, others have voiced concerns that AEDs might malfunction, or training employees to operate AEDs might expose them to liability, should a client not fully recover. In recognition of this liability concern, all states have enacted laws protecting rescuers who use AEDs from lawsuits. Some states have extended Good Samaritan liability protection, while others have developed legislation specific to AEDs. These statutory provisions vary widely as to the scope and nature of immunity granted. The advice of a local attorney should be sought to determine the nature of immunity. For general information regarding state AED legislation see the Public Access Defibrillation League's (PADL) website (address provided below).
Additionally, recently enacted federal legislation limits liability to rescuers when an AED is used in a federal building. Civil liability is limited except for:
• Acts constituting gross negligence • Willful and wanton misconduct in the use of AEDs • Where the person operating the AED is a licensed or certified medical professional acting within the scope of his/her license or employment
The intent of this legislation, the Cardiac Arrest Survival Act (CASA; P.L. 106-505), was to improve the survival rate for individuals who experience cardiac arrest in federal buildings, and demonstrate the importance of making AEDs available to cardiac arrest victims.
In addition to this legislative protection, supervisors of sport, recreation and fitness programs should take notice of AED litigation. To date, there have been no lawsuits filed against a lay responder who used an AED in a rescue attempt (Brown, 1999) .
However, several lawsuits do exist where a negligence suit was brought because the defendant failed to provide adequate emergency medical care in a timely manner. For example, in a 1996 Florida case, the court found Busch Gardens negligent for not properly training its employees to provide emergency care, and for failing to have essential emergency medical equipment, including an AED, on the premises. It awarded the parents of a thirteen-yearold girl $350,000 dollars for the death of their daughter who died of heart failure while on a roller coaster at the theme park. The primary issue was whether adequate emergency care was provided soon enough. The attorneys for the plaintiff successfully argued that the park was negligent in failing to respond in time and that failure to respond was the proximate cause of the girl's death. An AED available on the premises might have saved the girl's life (Herbert, 1999) .
In another 1996 case, a federal judge found Lufthansa Airlines negligent for failing to administer timely treatment during a cardiac emergency, and awarded $2.7 million to the plaintiff (IHRSA, 1999 ). An AED, though not at issue in this case, might have prevented the tragedy and subsequent lawsuit. Currently, many airlines carry AEDs and several others are in the process of installing them (Goldberg, 1999) .
If an organization is considering acquiring an AED, the AHA, IHRSA, and the authors recommend the following:
• Discuss liability issues with your organization's legal counsel. AED purchases and EAPs should meet their approval.
• Become familiar with the relevant state law regarding AED use. PADL has compiled information on the laws of the various states pertaining to the use of AEDs. This information can be accessed at: www.padl.org/ html/legislation/law_us_index.html • The AHA also has information regarding AED legislation and state laws that is available at: www.proed.net/ecc/Legis/legis_menu.htm • Contact your insurance company to determine potential coverage issues specific to your current policy.
If an organization acquires an AED, the AHA, IHRSA, and the authors recommend the following:
• Train all users in CPR and in the operation of the AED. It is strongly advised that at least one trained person be on duty at all times when the program is in operation.
• Following the completion of training, local EMS should be notified regarding the type of the AED and its location to ensure efficient emergency response and coordination.
• Program administrators must continue to provide ongoing AED training and practice. AED practice can be incorporated into an organization's regular Emergency Action Plan (EAP) training and practice.
• AEDs must be periodically inspected and maintained. Routine inspection and maintenance should meet the manufacturer's instructions and the directing physician or medical authority's approval.
• Administrators must also remain current with, and adhere to, the changing laws and Standard of Care regarding AEDs.
Conclusion
With the recent emphasis on publicly accessible AEDs, it appears that sport, recreation, and fitness programs will begin to see more of these lifesaving devices. Obviously programs purchase an AED with hopes the device will never be used. However, if it does become necessary, they will be grateful to have the training and equipment that may mean the difference between life and death. Additionally, the added safety measure might also reduce the organization's potential for liability. Further, legislative protection provides added incentive to use an AED as part of the EPA. Prudent sport, recreation, and fitness professionals should stay abreast of the developments, research, and legislation regarding AEDs.
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